Branchipodopsis buettikeri, a new fairy shrimp species (Anostraca, Branchipodidae) collected from shallow desert temporary ponds in the Sultanate of Oman, is described. It is the first species of the genus Branchipodopsis found in the Arabian Peninsula. The new species is mainly distinguished from other species of the genus by the shape of the second antennae of the male, and by the shape of the clypeus outgrowths. Biogeographical implications are discussed. In particular, the genus Branchipodopsis is one of the largest genera among the anostracans. It includes 22 known species (Brtek, 1997 (Brtek, , 2002 from the antitropical Afro-Asian range. A group of three species lies in Central Asia: B. affinis G. O. Sars, 1901; B. acanthopenes (Malhotra and Duda, 1970); and Caucasus: B. terpogossiani Smirnov, 1936 (Smirnov, 1932 , 1936 Bond, 1934; Uéno, 1940; Røen, 1952; Hartland-Rowe, 1968; Malhotra and Duda, 1970; Tiwari, 1972; Brtek et al., 1984; Vekhoff, 1992; and Belk and Esparza, 1995) , the latter two supposed to be in synonymy with B. affinis, as pointed out by Hamer and Appleton (1996) and Brtek (1997) . Moreover, the remaining species lie in Africa:
distribution map of the genus was drawn by B a an a arescu (1990, Fig. 6/2, p. 395 ) and completed by Brtek and Mura (2000) .
While surveying the fauna of Saudi Arabia (Thiéry, 1996) , and most largerly of the Arabian Peninsula, A.T. was able, through the kind cooperation of Dr. M. D. Gallagher of the Natural History Museum in Muscat (Sultanate of Oman), to examine a collection of anostracans from Oman, and found an undescribed species of Branchipodopsis. This species which has been referred in Thiéry (1996) to Branchipodopsis n. sp. is now described.
MATERIALS AND METHODS
Specimens were borrowed from the Oman Natural History Museum in Muscat (ONHM). The collections took place in April 1982 , March 1990 , March 1995 , and January 1997 from south Oman desert over a restricted area ranging from 208119-198569N and 578069-578219E , at an altitude of 140-180 m above sea level (Fig. 1) . Drawings (Fig. 4) were made with a Wild Ò M7A stereoscope and a Wild Ò M20EB compound microscope, both equipped with a camera lucida. Morphology of the male antenna 2, penes, and telson (Figs. 2, 3, 5) , and of the cysts (Fig. 6) were studied under scanning electron microscope (SEM) (Cambridge Ò 360 Instrument) at 20 KV. Thoracopods were mounted on slides in glycerine. The general morphological terminology follows the diagram of idealized male second antennae (clypeus) by Brendonck (1995) and Hamer and Appleton (1996) . Measurements were made under a Wild Ò stereoscope with the aid of an ocular micrometer to the nearest 0.5 division, i.e., 0.1 mm at 73 magnification, and 0.012 mm at 403. Length of specimens is taken from front of the head to the tip of cercopods.
The diameter of the cysts was measured under the SEM using the numerical line measure system (micrometer cursor) to the nearest 2 to 5 lm, following the magnification. For most of the resting eggs of African species figured in literature (Hamer and Appleton, 1996; Brendonck and Riddoch, 1997) , the diameters were estimated from SEM photographs. As no data on Eurasian cysts were available, some cysts taken from a female of Branchipodopsis affinis loaned by Rn. Dr. Jàn Brtek were used for comparison (Fig. 6b, d, f) . This material comes from Mongolia, Sochebrator lamak, 60 km north of Somon Bojansterim, collecter Z. Kassab, on 1 August 1965.
The identification of the epibiontic Protozoa were made according to Pennak (1978) and Lee et al. (1985) . Description.-Male: Habitus (Fig. 4a) , absence of frontal appendage (Fig. 2a, b) ; the second antenna is long, slender and has a twisted distal part with a strong cupular depression on the outside of the spoon-shaped apical joint (Fig.  2c, d , e, f, g); presence on front, between the two antennae, of two basal process-like anvilshaped knobs bearing one spiny outgrowth on outer border (Figs. 2a, d, 3a, b, c) ; no median ventral process between second antennae. A dorsal narrow and ovate lamelliform setiferous process is present on the basal joint of each antenna 2, just proximal to the apical joint; it bears long sparse setae (Fig. 3c, d ). Thoracopods (Th) with one oval-rectangular pre-epipodite with finely spiny margin and an incision in centre of edge (Fig. 4b) ; endopodite of Th5 and Th6 squarely truncated, with plumose setae at distal margin, with a strong tooth-like spine at the internal corner, and three hook-like spines diminishing backwards on the internal margin (Fig. 4b, c) . Each spine bears at its base a secondary fine spine (Fig. 4b, c) . Genital segments slightly swollen ventrally, penes arising ventrally near each other (Fig. 5c) , their nonretracting part with small spines on inner bubble side (Fig. 5a, b) , and reaching half of the third abdominal segment; everted part of penes spiny (Fig. 5d) . Telson distally flared with two strong ventral spines (Fig. 5e ). Cercopods long, coming up to approximately 20% of the total length of the male, curved inward, setiferous on the greater part of the outer margin; the inner margin is setiferous on two thirds while provided with spines on the last third (Figs. 4d, 5f ).
SYSTEMATICS
Female.-Females longer than males as previously observed in several other Branchipodopsis species. No frontal appendage, antenna 2 more or less flat with a spiny tip; brood pouch short and more or less tubulary swollen, not reaching half of the third abdominal segment as previously described by Thiéry (1996, Fig. 8e, f) ; telson without ventral spines, cercopods straight and wholly setiform (Fig. 4e) .
Cyst morphology.-Cysts sphaerical with a crumpled appearance (Fig. 6a) created by irregular narrow depressions separated by low ridges, surface smooth (Fig. 6c ) to finely rough (Fig. 6e) , diameter (under SEM) measured on six mature eggs 248 6 2.25 lm, mean diameter measured under stereomicroscope 253.5 6 8.4 lm (n ¼ 25), range 237.5 to 275.1 lm, from Haylat Yalooni, on 25 March 1995. Color.-On preserved specimens of both sexes: ivory to dull ivory white; sclerotinized antennae 2 of males yellowish; cysts yellow, pale brown to red brown in accordance with the maturity of the brood. of Oman and of the Arabian Peninsula. The german ü is written ue.
Differential Diagnosis.-The characters of greatest taxonomic value that distinguish Branchipodopsis buettikeri from the rest of the species in the genus are the twisted and spoon-shaped distal part of second antenna of the male, and the shape of the basal process distinctly bilobed apically with an anvil-shaped inner lobe. From the former, the new species resembles that of B. dayae, while by the shape of basal process, it is very distinct from other species. By their diameter, the cysts of B. buettikeri are close to those of B. kalaharensis and B. hutchinsoni. Distribution.-To date the species is known from seven spring temporary rainpools located in the central Sultanate of Oman over a restricted area ranging from 198569N to 208119N and from 578069E to 578219E, at an altitude of 140 to 180 m a.s.l. (Fig. 1) . Although no precise climatical data are available in the southern part of the Empty Quarter, this area could be included in a hot, arid extreme region mapped by Meigs (1952) and considered by the U.N.E.S.C. O. (1977) as arid or hyperarid. Branchipodopsis buettikeri, n. sp., can be considered to date as an Omani endemic.
Ecology and Life History.-Habitat.-All specimens were collected from January to April, mostly in March-April, what is linked with the southwest monsoon (Sale, 1980) . While data are lacking, the region's average annual rainfall can be estimated to be less than 100 mm, with rainfall generally light and irregular, although heavy rains and thunderstorms can cause severe flooding.
No data are available on the water quality. As Branchipodopsis buettikeri co-occurred most of the time with Triops numidicus (Grube, 1865) (¼ T. granarius Simon, 1886) (Notostraca) in four pools, and Leptestheria mayeti (Simon, 1885) in one pool, it might be concluded that B. buettikeri is a warm stenothermal freshwater fairy shrimp (sensu Meisch, 2000) . However, as it also co-occurs in two pools with a clam shrimp, Eocyzicus sp. (aff. plumosus) (Spinicaudata) (Thiéry, 1996) , a genus known to live in low-salinity waters (Gauthier, 1937; Thiéry, 1987) , Branchipodopsis buettikeri could be a slightly euryhaline anostracan. The coexistence with Triops granarius has been previously observed in Botswana for Branchipodopsis tridens and B. wolfi by Brendonck and Riddoch (1997) . Moreover, these authors found Branchipodopsis tridens co-occurring with Triops granarius and one clam shrimp, Eocyzicus sp. In most of these habitats, the conductivity measured by Brendonck and Riddoch (1997) was low (, 30 lSÁcm À1 -muddy pools, 8-60 lSÁcm À1 -small clear pools on granite). Additional data on the ecology of Branchipodopsis species (B. drakensbergensis, B. natalensis, and B. wolfi) are presented in Hamer and Martens (1998) . Data on response by B. wolfi to predation by turbellarians were given by Brendonck et al. (2002) .
Epibionts.-Females from Yalooni Haylat (O.N.H.M. 2456) bear on their antennae 2 several green algae (Chlorophytes, Chlorococcales); one male from Bulkharait was covered, on head and penes, by dense colonies of stalked Protozoans (unidentified Epistylidae) (Figs. 3,  5b, c) . The presence of epibiotic organisms on branchiopods is relatively common in temporary pools (Thiéry and Cazaubon, 1992; Foissner, 1996) , the high densities of epistilids being mostly related to muddy pools with water rich in organic matter (Thiéry, unpublished) .
Life history.-Nothing is known about the biology of Branchipodopsis buettikeri except that it matures rapidly, as has been observed in B. wolfi in South Africa by Brendonck et al. (1998) and Brendonck and Riddoch (2001) . Hamer and Martens (1998) noted also that Branchipodopsis species are always small, and that they reach sexual maturity rapidly as already noted by Hamer and Appleton (1996) . The number of cysts carried by such small specimens is consequently low. Branchipodopsis buettikeri can be considered a pioneer fairy shrimp inhabiting ephemeral desert pools.
Biogeographical Remarks
As pointed out by B a an a arescu (1990), the family Branchipodidae has an eastern-world distribution, assuming the occurrence of its ancestors in the eastern half of Pangaea in pre-drift times, with the massing of ancestral Branchipodidae in the South, which later became eastern Gondwanaland. Within the family, the genus Branchipodopsis has an antitropical Afro-Asian range. South Africa supports a more diverse fauna (19 species) than does the whole Asian continent (3). All the species occur in freshwater temporary pools. With the collection of Branchipodopsis buettikeri in the Arabian Peninsula, the distribution of the genus becomes continuous from Africa to the western part of Eurasia. The Sultanate of Oman occupies a fascinating zoogeographical position, between Africa and Eurasia. Wallace (1876), using vertebrate distributional data, included the Sultanate of Oman in his Ethiopian region, implying thus strong floristic and faunistic links with continental Africa. However, according to Corbet (1948) , Wallace's Ethiopian and Oriental regions should be redrawn in the south of Arabia, on the basis of butterfly distributions. Moreover, Mordan (1980) emphasized the great interest of Oman in the Arabian biogeography, especially owing to the importance of the wide barren desert as a potential zoogeographical barrier.
The present distribution may also be the result of continental drift or/and passive dispersal of resting eggs. The former hypothesis is supported by views expressed by Besse and Courtillot (1988) showing that during the pre-breakup assemblage, Africa, Arabia, and India were a sole or unique landmass, except for a slight gap between India and Madagascar. Thus, it could be supposed that the origin of Branchipodopsis takes place in South-East Africa and secondly radiates in Arabia and India, linked during the Jurassic-Cretaceous boundary, with a secondary dispersion in South Eurasia. In this case, the lack of Branchipodopsis in Madagascar may be linked to the gap. On the other hand, winds may perhaps have assured the passive longdistance dispersal across oceans and continents, as for some clam shrimps (B a an a arescu, 1990). In the case of Oman, the passive dispersal by southwest monsoon winds may be of greater probability (for data on climate of the Sultanate of Oman, see Sale, 1980) .
Within the Jiddat al Harasis area, the shortrange egg dispersal between neighbouring pools may even result from local winds, as shown by Brendonck and Riddoch (1999) , or from water-bird predation such as in Ardeidae, Ciconiidae, and Anatidae (Proctor, 1964; Proctor et al., 1967) . As noted by Gallagher and Rogers (1980) , water holes and temporary pools on sand or gravel desert, such as in Jiddat al Harasis area (about 198359N, 578109E) attract not only local birds but an interesting variety of transdesert migratory species, e.g., the Abdim's Stork (Ciconia abdimii, Ciconiidae) reaching Yalooni, Jiddat al Harasis.
Phylogenetic reconstructions have been done. Hamer and Appleton (1996) attempted to divide the African species into species groups (see cladograms p. 371, fig. 41 ); it must be noted that 7 of 23 species were reported from their type locality only and that some descriptions were too brief, as for Branchipodopsis abiadi, B. acanthopenes, and B. candea. Moreover, they suggested that the asian Branchipodopsis species, B. affinis, B. acanthopenes, and B. tergopossiani, may belong to a single species. So, as it is almost impossible to base any zoogeographical hypothesis on such a limited amount of data, the present discussion of the distribution remains purely descriptive.
